The metallicity of active galactic nuclei (AGNs), which can be measured by emission line ratios in their broad and narrow line regions (BLRs and NLRs), provides invaluable information about the physical connection between the different components of AGNs. From the archival databases of the International Ultraviolet Explorer, the Hubble Space Telescope and the Sloan Digital Sky Survey, we have assembled the largest sample available of AGNs which have adequate spectra in both the optical and ultraviolet bands to measure the narrow line ratio [N II]/Hα and also, in the same objects, the broad-line N V/C IV ratio. These permit the measurement of the metallicities in the NLRs and BLRs in the same objects. We find that neither the BLR nor the NLR metallicity correlate with black hole masses or Eddington ratios, but there is a strong correlation between NLR and BLR metallicities. This metallicity correlation implies that outflows from BLRs carry metal-rich gas to NLRs at characteristic radial distances of ∼ 1.0 kiloparsec. This chemical connection provides evidence for a kinetic feedback of the outflows to their hosts. Metals transported into the NLR enhance the cooling of the ISM in this region, leading to local star formation after the AGNs turn to narrow line LINERs. This post-AGN star formation is predicted to be observable as an excess continuum emission from the host galaxies in the near infrared and ultraviolet, which needs to be further explored.
INTRODUCTION
Accreting supermassive black holes (SMBHs) are responsible for the major phenomena observed in AGNs (e.g., see the recent review by Ho 2008) , but also strongly influence their host galaxies through kinetic/radiative feedback processes (Di Matteo et al. 2005; Bower et al. 2006; Croton et al. 2006 ), leading to a coevolution between the SMBHs and their hosts (e.g. Magorrian et al. 1998; Richstone et al. 1998) . Many details of the specific feedback mechanisms remain under debate, but outflows have been recognised to play a key role in this co-evolution. Outflows transport energy and gas outwards from the central regions, and also carry metals to regions of galactic scales. The metallicity of the gas in AGNs can be measured in both their broad and narrow line regions, and might trace the physical relation between BLRs and NLRs. This would provide a new window for exploring the details of the feedback process.
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The metallicity in broad line regions (BLRs) of AGNs has been extensively studied following the seminal paper of Hamann & Ferland (1992) . Several line ratios have been suggested to measure the BLR metallicity, with the N V/C IV intensity ratio being the most widely used. Many studies have confirmed the following two basic properties of the BLR metallicity: (1) it is very large, reaching as much as 10 or more times the solar abundance (Hamann & Ferland 1992 , 1993 Hamann et al. 2002; Dhanda et al. 2007) ; and (2) it has no cosmological evolution up to redshifts z = 6.5 ∼ 7.0 (e.g. Jiang et al. 2008; Juarez et al. 2009; Mortlock et al. 2012 ). There are additional -sometimes conflicting-results suggesting that metallicity correlates with either luminosity (Hamann & Ferland 1999; Dietrich et al. 2002) , black hole masses (Warner, Hamann & Dietrich 2004; Matsuoka et al. 2011a,b) or Eddington ratios (Shemmer & Netzer 2002; Shemmer et al. 2004) for different samples. These properties hint at a possible production of metals in the nuclear regions and is only a local event since its timescale is much shorter than the local Hubble time. In this picc 2013 RAS ture, black holes clean up the surrounding metals before the next episode of activity. This probably is linked with accretion flows, in which self-gravity drives star formation (Collin & Zahn 1999; Wang et al. 2010 Wang et al. , 2011 Wang et al. , 2012 .
It is far more difficult to use the N V/C IV or similar ratios of UV lines to measure the metallicity in NLRs in type I AGNs, because the narrow components of lines such as N V are very faint (Nagao et al. 2006a ). Only about a dozen high-redshift radio galaxies and type 2 AGNs have been measured for metallicity in this way (Nagao et al. 2006a; Matsuoka et al. 2009 ), for which the NLR metallicity was found to lie in the range 0.2Z⊙ Z 5.0Z⊙ with no cosmic evolution between redshifts 1.2 z 3.8. This is interesting since it shows that the NLR metallicity has properties similar to those of the BLRs. The NLRs have a size 1 RNLR = 2.1 L Bennert et al. 2002; Schmitt et al. 2003; Netzer et al. 2004) . This is the typical size of a bulge. It is thus expected that the chemical properties of bulge gas can be deduced from the NLRs. However, in these type 2 objects there are no broad N V or C IV lines to measure the BLR metallicity. Obviously what is needed are measurements of both the BLR and NLR metallicities in the same objects, meaning in type I AGNs. This has never been done thus far.
In the interpretation of the classical Baldwin-PhillipsTerlevich ( BPT Baldwin, Phillips & Terlevich 1981 ) diagnostic diagram, it has been suggested that the [N II]/Hα line ratio acts as an indicator of the metallicity of NLRs while the [O III]/Hβ ratio mainly depends on the ionization parameter (see Fig. 2 in Storchi-Bergmann & Pastoriza 1989; Storchi-Bergmann 1991; Storchi-Bergmann et al. 1998; Groves, Dopita & Sutherland 2004; Stasińska 2006; Nagao et al. 2006b; Kewley et al. 2013 ). This allows us to measure the NLR metallicity for a given ionisation parameter in type 1 AGNs and quantitatively compare it with the metallicities of the host galaxy and also of the BLR. This line ratio also provides an opportunity to simultaneously measure both BLR and NLR metallicities of type 1 AGNs in the same object.
In this paper we assemble from published work and data archives a sample of AGNs with spectroscopy covering a wide wavelength range that includes N V λ1240, C IV λ1550 , [N II] λ6584, Hβ and Hα. This sample consists of 31 type 1 AGNs, which allow us to simultaneously measure the BLR and NLR metallicities, our goal being to test the possible connection between BLRs and NLRs. In §2 we describe the sample of AGNs, and our measurements of the BLR and NLR metallicities from both optical and UV spectra. In §3 we test for possible correlations between the NLR and BLR metallicities and of these metallicities with either black hole masses or Eddington ratios. The reliability and implications of the correlations found are discussed in §4. The cosmological parameters H0 = 70 km s −1 Mpc −1 , Ωm = 0.3 and ΩΛ = 0.7 are assumed in this paper.
1 Note that, in our context, the NLR does not refer to the extended narrow line regions (ENLRs), which are measured by Greene et al. (2011) . The NLR size scaling law does not apply to ENLRs. Fu & Stockton (2007) find that ENLRs only appear in objects with BLR metallicities smaller than ∼ 0.6Z ⊙ . The typical size of NLRs of the present sample is 0.7-1.0 kpc given their [O III] luminosity of ∼ 10 41 erg s −1 , and correspond to the bulge regions (Simard et al. 2011) . The NLR and the bulge share the same approximate size.
THE SAMPLE OF AGNS WITH MEASURED METALLICITIES

Metallicity indicators
Our aim is to compare the BLR and NLR metallicities on an object by object basis. We use the N V/C IV ratio as a surrogate for the BLR metallicity following the well-established techniques developed by Hamann & Ferland (1992 , 1993 , who showed the ratio is only sensitive to metallicity rather than temperature, ionization parameter and gas density. Secondary production of N out of C and O via CNO burning dominates at metallicities Z 0.2Z⊙, which result in abundance of N ∝ Z 2 , making N V/C IV flux ratio can be used as a metallicity indicator (Hamann & Ferland 1992 , 1993 Hamann et al. 2002) . We do not use the Fe II/Hβ ratio as suggested by Netzer & Trakhtenbrot (2007) since its possible correlation with BLR metallicity is a secondary result based on comparing the correlation of different line ratios with the Eddington ratio. The Fe II excitation mechanism is poorly understood and Verner et al. (2004) found that the Fe II strength is not sensitive to metallicity.
Metallicity in NLR can be indicated by the ratio of [N II]/Hα as shown by Groves et al. (2006) . In such a case, the ratio of narrow component N V/C IV is very tough to separate them from the spectra. ).
The considerations above indicate that we need a sample of objects for which there are useful measurements of at least the N V λ1240, C IV λ1550, Hβ, [O III] λ5007, Hα, and [N II] λ6584 lines.
The samples of AGNs and quasars
We have assembled a sample which includes all of the AGNs and quasars that we know of for which it has been possible to measure both the broad N V and C IV emission lines at ultraviolet wavelengths and the narrow Hβ, [O III] λ5007, Hα, and [N II] λ6584 emission lines at optical wavelengths. While there are about 900 AGNs in the IUE (International Ultraviolet Explorer) and HST (Hubble Space Telescope) data archives, only about 200 of these have also optical spectroscopy from the SDSS archive and published work. Of this subset we select only Seyfert 1 galaxies and type 1 quasars, since otherwise the N V and C IV lines are obscured by dusty tori along the line of sight. We use either HST spectra directly or stack all available IUE SWP images to produce a single co-added IUE spectrum. Where possible we use HST rather than IUE spectra to measure the N V/C IV ratios. We exclude objects with low signal-to-noise ratios in their stacked UV spectra, broad absorption line quasars and objects with strong C IV and N V absorption. We also exclude objects having broad Balmer emission lines which are so strong that narrow emission lines (i.e. [N II] λ6584 and/or the narrow components of Hα and Hβ) cannot be measured, such as bright quasars with "disappearing" narrow line regions (Netzer et al. 2004 ). The final sample contains 31 objects for which we can measure both the BLR metallicity and the NLR line ratios. Table 1 provides the details of the observations used in the sample. Columns (1), (2) and (3) list the AGN name and the source of spectral data in the optical and UV bands, respectively; columns (4), (5) and (6) give the redshift, the continuum luminosity at 5100Å and the BLR size. For most objects, L 5100 is measured from the optical spectra, except the following ones, for which it was taken from these references: † direct reverberation mapping by Kaspi et al. (2000) , † † from Peterson et al. (2004) , § from Smith et al. (2004) , and § § from Bentz et al. (2009) Table 2 gives the measures of line ratios, Hβ FWHM, black hole masses and bolometric luminosities of the selected AGNs. Following Hu et al. (2008) , we first correct the spectrum for Galactic extinction, shift it to the galaxy's rest-frame, and fit a continuum model. The continuum model has three components: (1) a single power law; (2) Balmer continuum emission; and (3) a pseudocontinuum due to blended Fe emission. Since the key point here is to get matched profile flux ratios to make sure that the emission lines whose fluxes are compared come from the same region, we adopt the following procedure to measure the emission lines after subtracting the continuum. In the UV spectra we model the broad-emission lines of Lyα, N V and C IV through two sets of Gaussian components each which are forced to have the same FWHM and velocity shifts. The sum of the two Gaussian components of each line is used to obtain fluxes of the line.
Spectral fitting
2 In the optical band, we fit the emission lines with three components, the same component of each line forced to have the same profile: (1) The FWHM of the narrow component of NGC 5548's N V and C IV emission lines is 1118 km/s, which is the narrowest one in the present sample, and is marginally consistent with the criteria of broad emission line (>1000 km/s). But there is still possibility that it comes from NLR, so we relaxed the constraint of tying the profiles of the two gaussians used to fit N V and C IV, and only use the broader components to calculate NV/CIV ratio. In this case, log(N V/C IV) of NGC 5548 becomes −0.80 ± 0.04. This number is still very similar to the value we used in the text, and does not change the conclusion at all. 
Estimates of SMBH parameters
To estimate the masses of the super-massive black holes (SMBHs) in our UV/optical sample, we use the empirical RBLR − L relation, except in objects for which direct measures from reverberation mapping observations are available. Using the host-galaxy corrected relation RBLR = 34.4 L 0.52 44 light days (Bentz et al. 2009 ), where L44 = L5100/10 44 erg s −1 and L5100 is the continuum luminosity at 5100Å, we have the SMBH mass from
Hβ , where G is the gravitational constant, V Hβ is the full-width-half maximum of the Hβ emission line and f is a factor determined by the geometry of the BLR. We adopt f = 1.4, following the calibration of the relation linking the velocity dispersion to the SMBH mass (Onken et al. 2004) . We obtain the bolometric luminosity using an AGN continuum template (Marconi et al. 2004) , and then the Eddington ratio from E = L Bol /L Edd , where L Edd = 1.3 × 10 38 m• erg s −1 is the Eddington limit luminosity, L Bol is the bolometric luminosity and m• = M•/M⊙.
Note that the average contributions from host galaxies (Bentz et al. 2009 ) is about 1/2 of the total 5100Å luminosity. As RBLR scales with the square root of the luminosity, the contaminations lead to a further uncertainty of 0.15 dex to the estimations of black hole masses as well as to the Eddington ratios. We include them in their error budget. To be conservative, we set the error bars of black hole masses, Eddington ratios and bolometric luminosity to 0.3 dex, as they are mainly determined by the systematic uncer- tainties of fBLR in the RBLR − L relation and host contaminations (Onken et al. 2004; Park et al. 2012; Woo et al. 2010 Woo et al. , 2013 . Figure 1 shows that, in our carefully-selected sample, the BLR metallicities do not correlate with either black hole masses or Eddington ratios, or bolometric luminosity. This result can be quantitatively established through the Pearson linear correlation coefficient (r) and associated probability(p) that |r| be larger than the observed value if the null hypothesis of zero correlation is true. As indicated in Figure 1 , the large p values imply that the null hypothesis that the variables are not correlated is accepted in all the cases shown. Previous studies appear to give different results as listed in Table 3 for a brief summary. Warner, Hamann & Dietrich (2003) compiled a list of 578 quasars (more than 800 spectra) with redshifts 0 < z < 5 to explore the potential relation of BLR metallicity with black hole masses and Eddington ratios. They estimated black hole masses through C IV profiles for high−z quasars, and then produced a series of composite spectra binned by black hole mass. Their sample spans 5 orders of magnitude in black hole masses and 6 orders in luminosity, and they found a correlation between ZBLR and black hole masses from their stacked spectra. However, Shemmer et al. (2004) found from a detailed analysis of high-quality spectra of 29 high-z quasars that there is no correlation between ZBLR and black hole masses, but instead a weak correlation between the N V/C IV ratios and the Eddington ratios. Using stacked spectra of SDSS quasars with 2.3 < z < 3.0, Matsuoka et al. (2011a) found no correlation between metallicity and Eddington ratios, but that one does exist between ZBLR and black hole masses. Very recently, Shin et al. (2013) studied the metallicity of PG quasars observed by IUE and HST and found that their metallicity does not correlate with black hole masses, and perhaps weakly with Eddington ratios. The inconsistencies between these results might be due to selection effects or to the way in which the spectra were combined into composite spectra in some of the studies. The composite spectra employed in metallicity analysis may be misled by the uncertainties in black hole mass. In particular, the estimation of black hole masses in quasars through C IV should be improved somehow (Denney et al. 2013) , leading to large uncertainties of Eddington ratios.
ANALYSIS OF CORRELATIONS
BLR metallicities
We find that our results are consistent with those of Shemmer et al. (2004) , in spite of the fact that they found a weak correlation with Eddington ratio while we do not. This stems from the fact that Shemmer et al. (2004) included some high-redshift quasars and narrow-line Seyfert 1 galaxies, making their sample to be biased towards objects with larger Eddington ratios than ours. Except for these objects, the weak correlation between ZBLR and Eddington ratios disappears. The correlation between ZBLR and Eddington ratios is only moderate in the upper right panel of Fig- ure 8 in Shin et al. (2013) , and it disappears altogether when excluding objects with Eddington ratios 10 −2 . Our conclusion is that previous studies do not provide in fact any strong evidence for correlations of BLR metallicity with black hole masses or Eddington ratios, in agreement with our findings.
Our work doesn't show the correlation of BLR metallicity with bolometric luminosity which is common in previous works (Shemmer & Netzer 2002; Warner, Hamann & Dietrich 2004; Nagao et al. 2006b; Shin et al. 2013 Shin et al. (2013) ). However, narrow spans of bolometric luminosity and Eddington ratio may provide us opportunities to find correlations which are easy to be concealed by large scatters of these parameters.
There are ten objects in common with the sample of Shin et al. (2013) , and we find that their measurements of N V/C IV are in excellent agreement with ours, except for Mrk 771 and PG 1049-005. In Mrk 771, Shin et al. (2013) find N V/C IV = 0.10, but the IUE spectrum we analysed shows a quite strong N V feature. In PG 1049-005, they find N V/C IV = 0.71 which may be possible, given the presence of strong wings in the Lyα and C IV lines. A proper check would require high quality UV spectra). These differences do not change our results.
NLR metallicities
The [N II]/Hα line ratio provides a measure of the NLR metallicity. Figure 2 shows that the NLR metallicity does not correlate with either black hole masses, bolometric luminosity or Eddington ratios, as was the case for the BLR.
A typical NLR is about the same size as a bulge, and if its metallicity is mainly contributed by stellar evolution in the bulge then the two should have metallicities which are roughly similar and which would be expected to gradually increase with cosmic time. However, the NLR metallicity in high-z radio galaxies does not correlate with redshift (Nagao et al. 2006a; Matsuoka et al. 2009 ). This agrees with the present results that NLR metallicity neither correlates with black hole masses nor Eddington ratios.
Additionally, the Magorrian et al. (1998) relation (that black hole masses are linearly proportional to bulges of hosts) implies that if the NLR metallicity originates from stellar evolution of bulges, there should be a correlation between black hole mass and NLR metallicity due to the well-known correlation between metallicity and galaxy masses (Tremonti et al. 2004) . No such correlation is seen, again suggesting that the NLR metallicity is not dominated by metal production from the host galaxies. Furthermore, it has been found that the NLR metallicity has not undergone cosmic evolution (Matsuoka et al. 2009 ), but there is a trend with luminosity like the BLR metallicity (Nagao et al. 2006b ). However, the metallicity in star-forming galaxies has significant cosmic evolution, decreasing with redshift (e.g. Shapley et al. 2005; Erb et al. 2006 ). The question that arises, given that, the metallicity in NLRs maybe not produced by the host galaxy, is: what could possibly be its origin? Figure 3 compares the NLR and BLR metallicities, and shows that they are strongly correlated given the regression coefficient r = 0.58 and the null probability of no correlation p = 5.7×10 −4 . The strong correlation is surprising because BLRs and NLRs are separated by scales of about 1.0 kiloparsec. Their metallicities indicate that these two separated regions are in fact physically connected, but how do they connect?
The BLR-NLR metallicity correlation
The correlation cannot be caused by ionisation parameter effects. The N V/C IV broad line ratio is weakly proportional to the ionisation parameter (ΞBLR) (see Fig. 4 . in Hamann et al. 2002) whereas the [N II]/Hα narrow line ratio is approximately inversely proportional to log ΞNLR (Fig. 8 in Dopita et al. (2000) , Fig. 8 in Kewley & Dopita (2002) and Fig. 13 Nagao et al. (2006b) ). On the other hand, ΞBLR and ΞNLR could be very different from each other. The present correlations as shown by Fig. 3 are thus not be caused by ΞBLR and ΞNLR (estimated in § 4.2) in the present sample.
The spectral energy distributions (SEDs) of the central engines may influence the line ratios of N V/C IV. As the SEDs are controlled by the Eddington ratios (Wang, Watarai & Mineshige 2004; Shemmer et al. 2006; Brightman et al. 2013 ), the correlation between BLR-NLR metallicity can not be caused by the different SEDs because the distribution of the Eddington ratios in the present sample is very narrow. The gas density in NLR should not exceed about 10 5 cm −3 , above which forbidden lines are highly suppressed. Furthermore, as indicators of metallicity in BLR and NLR, the two line ratios are not sensitive to gas density.
We are therefore led to conclude that there is a link between the metallicities in the NLR and in the BLR in these objects.
DISCUSSION
Several models exist in which BLR metals are produced by bursts of star formation in the accretion flows that are fueling the central black holes (Collin & Zahn 1999 Wang et al. 2010 Wang et al. , 2011 Wang et al. , 2012 , but the large metallicity in NLRs remains intriguing. The key question is to understand how the metallicity can be correlated in these two regions which have such different characteristic sizes? Even though the ionised gas in NLRs is mainly supplied by stellar winds from the bulge, the NLR metallicity of the ionised gas can be strongly affected by outflows developed from the central regions of AGNs. The metals delivered to the NLRs by the outflows, specifically by outflows from the BLRs, might enhance the metallicity in NLRs.
Metals produced in BLRs
It is generally accepted that black holes grow episodically with cosmic time (Small & Blandford 1992; Marconi et al. 2004; Wang et al. 2006 Wang et al. , 2008 . The absence of metallicity evolution on cosmological timescales (Hamann & Ferland 1999; Warner, Hamann & Dietrich 2003 ) strongly indicates that, for every episode, the star forming discs initially start from a larger reservoir of gas having the metallicity of the host galaxy, rather than being steadily built up as the same gas cycles through many episodes. This is consistent with the theoretical expectation for a single episode of SMBH activity (Wang et al. 2010 (Wang et al. , 2011 . In this model, metals are produced in the self-gravitating part of accretion discs as a result of supporting the Shakura-Sunyaev disc Shemmer & Netzer (2002) 162 AGNs (including 8 NLS1) ... ... yes weakened by NLS1s Warner et al. (2003; 578 quasars (0 z 5) No yes yes composite spectra Shemmer et al. (2004) 29 quasars (z ≈ 2 ∼ 3)+92 AGNs ... yes very weak only N V/C IV Nagao et al. (2006) ∼ 5000 SDSS quasars DR2 (2.0 z 4.5) ... ... yes composite spectra Matsuoka et al. (2011) ∼ 2383 SDSS quasars (2.3 z 3.0) yes yes yes composite spectra, but only N V/C IV, He II/C IV Shin et al. (2013) 70 PG quasars (z < 0.5) yes, but moderate very weak yes, but weak both N V/C IV, He II/C IV Figure 3 . NLR metallicities versus BLR metallicity. The correlation found in this sample is highly significant (the red dotted line mark the 95%-level confidence boundaries for the linear regression given by the black line) and is not caused by ionisation parameters (see § 3.3 for details). (Shakura & Sunyaev 1973) around SMBHs (Wang et al. 2010) . BLRs are much more metal-rich than their host galaxies, and therefore the excess metals cannot be the products of the stars in the host galaxies. In this picture, a black hole's accretion rate stays approximately constant during a single AGN episode, but the BLR's metallicity increases monotonically with time, and is regarded as a probe of age of the particular AGN episode. In this model, no strong correlation is expected between metallicity and either the black hole masses or Eddington ratios.
On the other hand, the peak metallicity reached during each episode (Fig. 3 left panel in Wang et al. (2011) ) might correlate with the Eddington ratio. The individual objects within a sample of AGNs will have different ages within their respective episodes, and different samples will have different mixtures of ages, which may explain the variety of results (i.e. lack or presence of correlations between metallicities and Eddington ratios, black hole masses and luminosities) found in different studies.
Emitting clouds in NLRs
Before addressing possible mechanisms which can account for the observed correlation between the metallicities in the BLR and NLR, the issue of the role of variations in the ionisation parameter Ξ must be assessed in the robustness of the measure of metallicity through the [N II]/Hα line ratios. Inspired by the fact that the extended NLRs are at a radial distance from the AGN that is similar to the size of the bulge (Bennert et al. 2002; Schmitt et al. 2003; Netzer et al. 2004) , we explore the NLR physics within the framework of the coevolution of SMBHs and galaxies (Richstone et al. 1998 ) in order to understand the evolutionary tracks of AGNs. A key assumption is that the NLR clouds are pressure confined by the hot gas from stellar winds in the bulge. The main features of the NLR model are: (1) a two-phase medium composed of cold clouds and a hot medium; (2) a hot medium from stellar winds in the bulges (Ho 2009 ), ionised by the central engine radiation and cooled via line emission; (3) cold clouds formed from AGN outflows whose evidence comes by the usual blue shift of [O III]; and (4) a star forming disc that produces metals continuously, which are then transported outwards by AGN outflows. The last two assumptions are supported by the strong correlation of NLR and BLR metallicities. Assuming photoionisation, we give a simple estimate of the properties of the NLR line emission as follows.
The ionisation parameter is defined by ΞNLR = Lion/4π R 2 NLR c ne k Te, where Lion is the ionising luminosity, c and k are the speed of light and the Boltzmann constant, respectively, RNLR is the NLR size, and ne and Te are the density and the temperature of the ionised gas of cold clouds in the NLR. Considering the relation
ion , we have ΞNLR ∝ (neTe) −1 . We assume that the NLR is composed of numerous discrete clouds, which are confined by the surrounding hot interstellar medium (ISM) from stellar winds in bulges (Ho 2009 ). In such a simple two-phase model, the pressure balance equation reads neTe = n h T h , where n h and T h are the density and temperature of the hot ISM. For the simplest consideration, the hot ISM has a virialised temperature of kT h ≈ GM bulge /RNLR. Considering the Magorrian relation M• ∝ M bulge (Magorrian et al. 1998) and
It has been suggested that, in the bulge, the hot ISM is eventually accreted onto the SMBH without going through a static state (Ho 2009 ). For a simple version of the inflows in the bulge, the mass rate is given byṀ inflow = 4π R 2 NLR V ff n h mp, where
1/2 is the free-fall speed of the hot gas and M bulge is the mass of the bulge. We assume a simple relation between the SMBH accretion rate (Ṁ•) and the inflow, so thaṫ M• ∝ E M• ∝Ṁ inflow , yielding the scaling relation
As the thermal pressure of the hot ISM is n h T h ∝ (E /M•) −1/4 , we find that
This yields a range of ionisation parameter as ∆ log ΞNLR = 0.25∆ log (E /M•). From Fig. 1 , the scatter of the present sample is ∆ log E ∼ 2.0 and ∆ log M• ∼ 3.0, which implies that ∆ log ΞNLR ∼ 1.5. In the detailed calculations of , the ratio of [N II]/Hα is sensitive to the metallicity if the ionisation parameter is within a range of ∆ log Ξ ∼ 2.5. In the case of the highest sensitivity to the ionisation parameters, we find [N II]/Hα ∝ Ξ 0.3−0.5 (for a fixed metallicity of 4Z⊙). The ionisation parameters of the present sample are within the range of validity of the Groves et al. models. This justifies the use of the [N II]/Hα line ratios as a proper metallicity indicator. The recent grid of state-of-the-art models by Kewley et al. (2013) confirms these trends. Figure 4 shows the BPT diagram of the present sample. We have a range of metallicity ZNLR ≈ (1 − 4)Z⊙ (corresponding to [N II]/Hα=0.1-1.5) in our sample. This is further confirmed by recent state-of-the-art models (Kewley et al. 2013 ) which also show that the current sample has this range of metallicities, irrespective of the SEDs and/or the ionisation parameter (see their Fig. 4 , and note that the updated solar abundance is, in that scale, . The yellow background is the sample of Seyfert 2, star-forming galaxies, HII galaxies, and LINERs from the MPA compilation of the SDSS sample (available at www.mpa-garching.mpg.de/SDSS) adopting a S/N > 3 limit for the four lines involved. The black solid (Kauffmann et al. 2003) , dashed (Kewley et al. 2006 ) and dot-dashed lines ) are different criteria used to separate AGNs from star-forming galaxies.
Metallicity in the NLR
of 12 + log(O/H) = 8.69 ± 0.05, Asplund et al. 2009 ). NLRs have metallicities ranging between the values found in the bulge and in the BLR, according to measurements made in a few objects (Matsuoka et al. 2009 ). These preliminary results also indicate that the metallicity in the NLR correlates with emission line luminosity rather than with redshift (Matsuoka et al. 2009) .
As Fig. 3 shows, the metallicity of discrete cold clouds in the NLR follows that of the BLR, indicating an origin closely connected to the BLR. One natural way for this to happen is AGN outflows, which may causally connect the BLR and the NLR. For example, quite a large fraction of [O III] lines have blue-shifted wings, indicating the importance of outflows in the NLR (Komossa et al. 2008) , and more generally these outflows are linked to the feedback processes (see the detailed discussion by Nesvadba et al. 2006) . Cold clouds may partially involve the hot gas from stellar winds in the bulge (Ho 2009 ). We represent the metallicity in the NLR by
where f bulge =Ṁ bulge /(Ṁ bulge +Ṁ outflow ), andṀ bulge is the mass rate of stellar winds from stars in the bulge. The factor f bulge could be significantly smaller than unity (for some redshifts) and Z bulge ≪ ZBLR, leading to ZNLR ≈ (1−f bulge )ZBLR < ZBLR, so that ZBLR ∝ ZNLR is indeed expected. The correlation found in Fig. 3 strongly supports this hypothesis. The metallicity in the bulges, for example, of massive star forming galaxies (10 10−11 M⊙) is in the range ZSF ≈ (2 − 3)Z⊙ (e.g. see Fig. 6 in Tremonti et al. 2004) , whereas the metallicity of NLRs in typical AGNs is of ZNLR ≈ (2 − 4)Z⊙ (Kewley et al. 2013 ). However, the comparison of Z bulge with ZNLR is open for the same individual objects, leading to difficulties to estimate the factor f bulge . Future studies on this issue will examine several im- The results found in this work favour that BLRs and NLRs are connected through outflows developed from BLRs. "SFD" refers to "star forming disc", which is the self-gravity-dominated regions of accretion disks (e.g. Wang et al. 2012) . "Other" refers to any processes for NLR metal production except for the normal chemical evolution of the host galaxy, including star formation related to the AGN accretion process. The symbols ∝ and # indicate "correlated with" and "not correlated with", respectively. portant physical processes (see a brief discussion at the end of this section).
A caveat may arise from the fact that while our sample clearly follows the expected distribution of Seyfert 2 galaxies with ZNLR ≈ (1 − 4)Z⊙ in the BPT diagram, it perhaps does not trace the underlying density given by the SDSS sample (i.e. perhaps a larger number of blue points should lie towards the LINER area in Fig. 4 ). The reason for this effect is unclear, as our sample is not biased in any of the quantities involved here. It may reflect the small size of the current sample or perhaps be linked to selection effects within the framework of AGN unification schemes (e.g. Zhang et al. 2008) .
The chemical abundance connection between BLRs and NLRs found here provides a new clue for understanding the structure of AGNs. As a brief summary, Fig. 5 shows a flow chart of the arguments presented in this paper. If the metals in BLRs are produced by the host galaxies, two correlations are then expected: ZBLR ∝ z and ZBLR ∝ M•. Neither is supported by any observational evidence. The same reasoning applies to NLRs. Hence, the only scenario that can explain the present results includes: (1) a starforming disc which produces the metals within the BLR clouds; and (2) outflows produced in the BLR transport gas, including metals, to the NLR. These outflows will impact the host galaxies. The kinematical effects on the host galaxy's ISM and on the further growth of the host galaxy are discussed by Nesvadba et al. (2006) . However, the BLR-NLR metallicity correlation found here is a new aspect of AGN feedback, which has additional observable consequences which we discuss next.
The metallicities of NLRs and of the host galaxies need to be compared for individual objects in the future. But we would like to point that the ZBLR − ZNLR correlation found in this paper indicate that ZNLR should be larger that of the host galaxy, otherwise the correlation should disappear. Observations with Integral Field Units (IFU) may explore the differences in NLR metallicities from their hosts by comparing the metallicity within the ionisation cone (i.e. the NLR) and outside of the cone. This will test the chemical evolution and circulation from the BLR and NLR to the host galaxies.
Post-AGN star formation
The metallicity correlation between BLRs and NLRs has an interesting implication for the further evolution of the AGN and its host galaxy. During the active episodic phase, metals are transported by outflows enriching the NLRs. The diffusion time scale of metals is t diff ∼ R/cs ≈ 10 7 R 1kpc T −1/2 6 years, where cs ≈ 10 7 T 1/2 6 cm s −1 is the sound speed, and is much longer than the time scale for metal transportation by outflows t outflow ∼ R/Vout ∼ 3.3×10
5 R 1kpc V −1 0.01 years, where V0.01 = Vout/0.01c (see a brief review by Cappi et al. 2013) . This means that metals remain in the NLR gas clouds once they have been transported there. The metals will significantly shorten the cooling timescale 3 of the interstellar medium (ISM) in the bulge. Normally the cooling could 3 Approximated by t cooling ≈ 2.
0.1 years, where n ISM,1 = n ISM /1.0cm −3 is the ISM density and Z 0.1 = Z ISM /0.1Z ⊙ is ISM metallicity. If t heating > t cooling , the ISM cooling is not balanced by the heating, and the ISM will condense and form stars. The dissipation time scale of the kinetic energy of outflows can be approximated by t outflow , and thus t heating ≈ t cooling is expected. be balanced by the AGN heating (radiative and kinetic of outflows) and other sources of heating. However, as a result of the metal enrichment of the ISM, t cooling could be shorter than t heating , leading to star formation as soon as AGNs have faded away and turned into LINERs (e.g. Wang & Zhang 2007; Ho 2008) . In this case, the accretion rates of black holes become so low that no broad components of the emission lines appear in these LINERs, but significant star formation will begin after the outflows from the nuclei have been quenched. We will call these objects blue LINERs whereas LINERs without significant star formation will be called red LINERs.
Detailed calculations are needed in order to fully predict the observable signatures of this post-AGN star formation in blue LINERs, but the major features are expected to be: (1) only narrow emission lines should be seen; and (2) a population of young stars should produce significant near infrared emission and/or an ultraviolet excess from massive stars. LINERs from blue to red represent a sequence of decreasing star formation rates, and thus constitute an evolutionary sequence for the fading of AGNs. The fact that the [N II]/Hα ratio in LINERs is larger than in star forming galaxies could imply that the emission line regions in LINERs are more metal rich than those in star forming galaxies (This should be demonstrated by both theory and observations in the future). This might be caused by post-AGN star formation further enhancing the metallicity in the LINERs. Future systematic examinations using Spitzer and Herschel observations should be able to discover these blue LINERs, providing new clues for the understanding of the physical processes of AGN fading.
CONCLUSIONS
We have carefully assembled in this paper a sample of AGNs and quasars with redshifts z 0.35 for which the metallicity of both the BLR and the NLR can be measured in the optical and UV bands. This allows us to explore the physical connections between broad and narrow line regions and we find no correlation between metallicity and black hole masses or Eddington ratios in either BLRs or NLRs. However, we do find that the metallicities in the NLR follow the metallicities in the BLR, with both being substantially enriched above the level of the stellar populations in the bulges of the host galaxies, This suggests that metals are produced in the BLRs and then transported to the NLRs through outflows. The metal-enriched NLRs may undergo star formation once AGNs begin turning into LINERs, that is, some post-AGN star formation might be triggered. There is preliminary evidence for this process, but future surveys of post-AGN LINERs are needed to fully unveil this mechanim. 
